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Clinical PerspectiveWhat Is New?In patients from the multinational registry with revascularization deferral after fractional flow reserve (FFR) assessment, long‐term outcomes during 5‐year follow‐up differed significantly between women and men in favor of women, which was confirmed by the propensity score--adjusted inverse‐probability of weighing Cox proportional hazards analysis.CFR was significantly lower in females in nonobstructive coronary disease, and CFR, but not FFR was an independent predictor of patient‐oriented composite outcomes (all‐cause mortality, any myocardial infarction, and any revascularization) in deferred patients.What Are the Clinical Implications?The present hypothesis‐generating study may support the importance of functional assessment of coronary artery disease, particularly in females and may also suggest the potential of a more optimized approach for stable coronary heart disease in females beyond the current equal cut‐off point of FFR value for revascularization decision making.

Introduction {#jah34866-sec-0009}
============

Physiological assessment of epicardial coronary stenosis by fractional flow reserve (FFR) has been used to guide decision making for revascularization in both sexes. Women and men have a different prevalence of ischemic heart disease.[1](#jah34866-bib-0001){ref-type="ref"} Previous studies investigating the sex differences in FFR values showed that angiographic lesions of similar stenosis are less likely to cause ischemic FFR in women.[2](#jah34866-bib-0002){ref-type="ref"}, [3](#jah34866-bib-0003){ref-type="ref"} Sex‐related differences can influence not only FFR assessment but treatment decisions and prognosis. Sex differences in percutaneous coronary intervention (PCI) benefits have been extensively studied but still remains controversial with inconsistent results.[4](#jah34866-bib-0004){ref-type="ref"}, [5](#jah34866-bib-0005){ref-type="ref"}, [6](#jah34866-bib-0006){ref-type="ref"}, [7](#jah34866-bib-0007){ref-type="ref"} When considering higher FFR values for given stenosis in women,[2](#jah34866-bib-0002){ref-type="ref"} functional guidance by using FFR is more likely to facilitate an appropriate revascularization decision in women than in men. A recent secondary analysis from the FAME (Fractional Flow Reserve Versus Angiography for Mutivessel Evaluation) trial demonstrated that a functionally significant stenosis was less common in women and that FFR‐guided decision making demonstrated an equal benefit in both sexes during 2‐year follow‐up.[8](#jah34866-bib-0008){ref-type="ref"} However, it remains undetermined whether long‐term outcome in patients with FFR‐guided revascularization deferral is comparable between women and men. This multinational and multicenter study sought to investigate the difference in long‐term prognosis between women and men in patients with deferred revascularization after FFR assessment.

Methods {#jah34866-sec-0010}
=======

Patient Population {#jah34866-sec-0011}
------------------

The present study was a patient‐level pooled analysis of 3 prospective registries whose results have been previously published.[9](#jah34866-bib-0009){ref-type="ref"}, [10](#jah34866-bib-0010){ref-type="ref"}, [11](#jah34866-bib-0011){ref-type="ref"}, [12](#jah34866-bib-0012){ref-type="ref"}, [13](#jah34866-bib-0013){ref-type="ref"} The first study prospectively enrolled consecutive patients from 5 university hospitals in Korea (519 patients, 737 vessels), each undergoing clinically indicated invasive coronary angiography, and FFR, coronary flow reserve (CFR), and index of microcirculatory resistance (IMR) measurement for at least 1 coronary artery.[10](#jah34866-bib-0010){ref-type="ref"} The second study was an institutional registry of Tsuchiura Kyodo General Hospital, Ibaraki, Japan that included 643 patients (643 vessels) submitting to invasive angiography and physiologic assessment, including FFR, CFR, and IMR.[13](#jah34866-bib-0013){ref-type="ref"} The third study prospectively enrolled patients with FFR, CFR, and IMR data on at least 1 intermediate‐grade stenosis from Hospital Clinico San Carlos, Madrid, Spain.[11](#jah34866-bib-0011){ref-type="ref"} In all these studies, patients with hemodynamic instability, left ventricular dysfunction, or a culprit vessel of acute coronary syndrome were excluded. Individual patient data for pooled analysis were collected using standardized spreadsheets. For all variables included, standardized definitions were used. Invasive physiologic indices were also cross‐checked and confirmed by each study\'s principal investigators (T.K., J.E., B.K.).

Among the 1397 patients (1694 vessels) enrolled overall, those undergoing PCI were excluded. In the presence of multiple coronary stenoses, a single vessel with the most severely decreased FFR value was used for the present analysis. Of the remaining 914 patients with deferred revascularization, this study enrolled 879 deferred patients with lesions showing FFR values \>0.75 (Figure [1](#jah34866-fig-0001){ref-type="fig"}). Only 1 patient of all the study cohort was lost to follow‐up. Study protocols were designed in accordance with the Declaration of Helsinki and were authorized by institutional review boards or ethics committees at corresponding centers. All patients granted written informed consent. The study protocol of the International Collaboration of Comprehensive Physiologic Assessment was registered at <http://clinicaltrials.gov> (NCT03690713).

![The Consolidated Standards of Reporting Trials flow diagram. FFR indicates fractional flow reserve, PCI, percutaneous coronary intervention.](JAH3-9-e014458-g001){#jah34866-fig-0001}

Coronary Angiographic Analysis {#jah34866-sec-0012}
------------------------------

Coronary angiography was performed using standard techniques. All angiograms were analyzed at local core laboratories in blinded fashion. Percent diameter stenosis, minimum luminal diameter, reference‐vessel size, and lesion length were measured. All coronary physiological parameters were measured following diagnostic angiography. A guiding catheter (5--7Fr) without side holes was used to engage coronary arteries, and a pressure/temperature‐sensor guide wire (Abbott Vascular, St. Paul, MN,) was used to measure FFR and CFR.

Coronary Physiological Assessment {#jah34866-sec-0013}
---------------------------------

FFR, mean transit time (Tmn), and IMR were determined using a RadiAnalyzer Xpress instrument with a Pressure Wire Certus (St. Jude Medical, St. Paul, MN). FFR and IMR were measured in vessels determined to be clinically indicated for evaluation. After nitroglycerine was administered, a pressure‐monitoring guidewire was advanced distal to the stenosis. Hyperemia was induced by an intravenous infusion of adenosine (140 mg/kg per minute). FFR was calculated by dividing the mean distal pressure by the mean aortic pressure during stable hyperemia. For IMR measurements, hyperemic thermodilution curves (measured 3 times each using a 3‐mL saline bolus injection) and hyperemic Tmn were obtained. The IMR was calculated as the product of the mean distal coronary pressure during stable hyperemia and mean hyperemic Tmn.[9](#jah34866-bib-0009){ref-type="ref"}, [14](#jah34866-bib-0014){ref-type="ref"} The CFR was measured simultaneously with FFR and IMR using the thermodilution method and expressed as the ratio of basal Tmn divided by hyperemic Tmn.[15](#jah34866-bib-0015){ref-type="ref"} After physiological measurements, the pressure wire was retracted into the guiding catheter to evaluate pressure drift. For lesions with low FFR (≤0.80), PCI was recommended, as stipulated by current guidelines. However, decisions regarding PCI were at the discretion of operators. Patients who underwent PCI were excluded from the analysis. Of note, receiver operating curves analyses demonstrated that the best cut‐off values of FFR values to predict PCI in this registry were 0.80 for both sexes (Figures [S1](#jah34866-sup-0001){ref-type="supplementary-material"} through [S3](#jah34866-sup-0001){ref-type="supplementary-material"}).

Clinical Follow‐Up, Outcome Measures, and Adjudication of Clinical Events {#jah34866-sec-0014}
-------------------------------------------------------------------------

Clinical data were obtained at outpatient clinic visits or by telephone contact if needed. The primary study end point was patient‐oriented composite outcomes (POCO) including all‐cause mortality, any myocardial infarction, and any revascularization. All clinical outcomes were defined as stipulated by the Academic Research Consortium, including the addendum to the definition of myocardial infarction.[16](#jah34866-bib-0016){ref-type="ref"} In the absence of a clear noncardiac cause, all deaths were considered cardiac related.

Statistical Analysis {#jah34866-sec-0015}
--------------------

Categorical variables were expressed as numbers and relative frequencies (percentages), and continuous variables as means and standard deviations or medians with interquartile ranges (Q1--Q3) according to related distributions. Shapiro--Wilk test was used to assess for departures from normality and the distributions were further confirmed visually. Data were analyzed on a per‐patient basis for clinical characteristics and outcomes for comparison between women and men, and between the patients with or without POCO. Although a single vessel with the most severely decreased FFR value was used for the present analysis in the presence of multiple coronary stenoses, we included any nontarget vessel events that did not undergo physiological evaluation. Since several subjects experienced not only target‐vessel--oriented cardiac events but non--target vessel revascularization, the first event that occurred was censored and counted in the survival analysis using Kaplan--Meier estimates for POCO. Receiver operating curves analysis was applied to assess the best FFR cutoff values for performing or deferring PCI. The optimal cutoff was calculated using Youden\'s index. Survival curves were estimated using Kaplan--Meier estimates and were compared using log‐rank tests. A Cox proportional hazards regression model was used to identify independent predictors of POCO. The covariates with *P*\<0.10 in the univariate analysis were included in the multivariate analysis. A collinearity index was used for checking linear combinations among covariates, and the Akaike information criterion for avoiding overfitting. The assumption of proportionality was assessed graphically by log‐minus‐log plot, and Cox proportional hazard models for all clinical outcomes satisfied the proportional hazards assumption. Outcomes were evaluated both before and after risk adjustment by using propensity score inverse‐probability of weighing.[17](#jah34866-bib-0017){ref-type="ref"} The following variables were used to calculate propensity scores: age, hypertension, diabetes mellitus, dyslipidemia, FFR, CFR, IMR, diameter stenosis, lesion length, lesion location, acute coronary syndrome, and multivessel disease. Using the propensity scores for each group comparison, IPW was used to adjust covariates. A 2‐sided *P*\<0.05 was considered statistically significant. Standard software application (SPSS v23, SPSS Inc, Chicago, IL) and R version 3.0.2 (The R Foundation for Statistical Computing, Vienna, Austria) were used for statistical analyses.

Results {#jah34866-sec-0016}
=======

Baseline Patient Characteristics {#jah34866-sec-0017}
--------------------------------

Table [1](#jah34866-tbl-0001){ref-type="table"} shows clinical, angiographic, and physiological characteristics of the 879 patients included in this study. Most patients presented with stable coronary artery disease, and in those with acute coronary syndrome nonculprit vessels were physiologically investigated. Women were significantly older than men. Angiographic severity of investigated coronary stenosis was mostly intermediate, median diameter stenosis, 43.2% (31.3--52.8), and median FFR value was 0.87 (0.83--0.91). Figure [2](#jah34866-fig-0002){ref-type="fig"} presents the distribution of FFR values in a total cohort, women, and men, respectively. In women, FFR values tended to be higher, although angiographic stenosis severity was similar between both sexes. For a nonobstructive coronary artery disease (CAD) (diameter stenosis \<50%), female patients showed higher FFR values than male patients (Figure [3](#jah34866-fig-0003){ref-type="fig"}). CFR values were significantly lower in women (3.0 versus 2.5, *P*\<0.001). No significant difference in IMR was observed between female and male (female versus male; 17.0 versus 17.3, *P*=0.667).

###### 

Patient Characteristics

                                  Overall (N=879)     Male (N=649)        Female (N=230)      *P* Value
  ------------------------------- ------------------- ------------------- ------------------- -----------
  Age, y                          65.0 (57.0--72.0)   64.0 (56.0--71.0)   67.0 (60.0--74.0)   \<0.001
  Hypertension                    556 (63.3)          411 (63.3)          145 (63.0)          1.000
  Dyslipidemia                    556 (63.3)          418 (64.4)          138 (60.0)          0.266
  Diabetes mellitus               295 (33.6)          226 (34.8)          69 (30.0)           0.211
  Current smoker                  187 (21.3)          177 (27.3)          10 (4.3)            \<0.001
  ACS nonculprit lesion           128 (14.6)          94 (14.5)           34 (14.8)           0.999
  Physiological characteristics                                                               
  FFR                             0.87 (0.83--0.91)   0.87 (0.82--0.91)   0.88 (0.84--0.91)   0.053
  CFR                             2.9 (2.0--4.0)      3.0 (2.1--4.1)      2.5 (2.0--3.6)      \<0.001
  IMR                             17.2 (12.7--24.5)   17.3 (12.7--24.8)   17.0 (12.6--23.2)   0.667
  Tmn at rest                     0.73 (0.48--1.04)   0.76 (0.51--1.08)   0.59 (0.42--0.87)   \<0.001
  Tmn at hyperemic                0.24 (0.17--0.34)   0.25 (0.18--0.35)   0.23 (0.17--0.33)   0.064
  Angiographic characteristics    0.15 (0.05--0.50)   0.16 (0.04--0.52)   0.12 (0.06--0.44)   0.973
  Lesion location (LAD/LCX/RCA)   610/108/161         422/90/135          188/18/26           0.001
  Reference diameter              2.91 (2.48--3.29)   2.99 (2.52--3.34)   2.77 (2.43--3.09)   \<0.001
  Minimum lumen diameter          1.64 (1.33--2.06)   1.67 (1.36--2.08)   1.58 (1.29--2.00)   0.078
  Diameter stenosis               43.2 (31.3--52.8)   42.4 (31.5--53.1)   43.2 (30.1--51.8)   0.732
  Lesion length                   10.1 (6.6--15.0)    10.2 (6.7--15.1)    10.0 (6.3--14.4)    0.548
  Multivessel disease             382 (43.5)          303 (46.7)          79 (34.3)           0.002

Data are presented as n (%) or median (Q1--Q3). ACS indicates acute coronary syndrome; CFR, coronary flow reserve; FFR, fractional flow reserve; IMR, index of microcirculatory resistance; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery; Tmn, mean transit time.

![Distribution of the FFR. **A**, Patient‐level histogram of FFR values in the total cohort; (**B**) in males; (**C**) in females. FFR indicates fractional flow reserve.](JAH3-9-e014458-g002){#jah34866-fig-0002}

![FFR values according to angiographic stenosis severity; left, angiographic stenosis \<50%, right, angiographic stenosis ≥50%. FFR indicates fractional flow reserve.](JAH3-9-e014458-g003){#jah34866-fig-0003}

Clinical Outcomes of Deferred Patients After FFR Assessment {#jah34866-sec-0018}
-----------------------------------------------------------

During 5‐year follow‐up, POCO occurred in 83 patients (16 deaths, 14 myocardial infarctions, and 53 any revascularization, women versus men; \[4.8% versus 11.1%, *P*=0.007\]) (Table [2](#jah34866-tbl-0002){ref-type="table"}). The median follow‐up duration was 5 years (2.0--5.0 years). There was no significant difference in time to POCO between the sexes (male versus female; 1.8 years versus 1.0 years, *P*=0.110). In the subgroup analysis of deferred patients with FFR \>0.8, male patients were also significantly associated with poor prognosis (POCO: χ^2^=10.0, *P*=0.002) (Figure [S4](#jah34866-sup-0001){ref-type="supplementary-material"}). Figure [4](#jah34866-fig-0004){ref-type="fig"} shows that there were no differences in cumulative rates of POCO at 1‐, 2‐, or 3‐year follow‐up between the groups. The cumulative rates of POCO were higher in male than in female both at the 4‐year (hazard ratio: 2.22, *P*=0.012) and 5‐year (hazard ratio: 2.33, *P*=0.007) follow‐up examination. Multivariate Cox proportional hazard models revealed that age, sex, diabetes mellitus, diameter stenosis, lesion length, and CFR were independently significant predictors of POCO in a total cohort (Table [3](#jah34866-tbl-0003){ref-type="table"}). Of interest, age, diabetes mellitus, and CFR were significant predictors of POCO in men, while multivessel disease was a significant predictor in women (Tables [4](#jah34866-tbl-0004){ref-type="table"} and [5](#jah34866-tbl-0005){ref-type="table"}). Propensity score--adjusted inverse‐probability of weighing Cox proportional hazards analysis showed that male patients showed significantly higher risk of POCO than female patients (adjusted hazard ratio 2.14, 95% CI 1.05--4.34, *P*=0.036).

###### 

Clinical Events During Follow‐Up Period

                                    Male (n=649)   Female (n=230)   *P* Value
  --------------------------------- -------------- ---------------- -----------
  POCO                              72 (11.1%)     11 (4.8%)        0.007
   Death                            20 (3.1%)      1 (0.4%)         0.022
   Cardiac death                    15 (2.3%)      1 (0.4%)         
   Noncardiac death                 5 (0.8%)       0                
   Nonfatal myocardial infarction   11 (1.7%)      3 (1.3%)         1.000
   Any revascularization            41 (6.3%)      7 (3.0%)         0.087
  TVR                               25 (3.9%)      6 (2.6%)         
  Non‐TVR                           16 (2.5%)      1 (0.4%)         

Data are presented as n (%). POCO indicates patient‐oriented cardiovascular events; TVR, target vessel revascularization.

![Kaplan--Meier curves of freedom from POCO. The incidence of POCO was significantly higher in males at 5‐year follow‐up. On the other hand, there were no differences in cumulative rates of POCO at 1‐, 2‐, or 3‐year follow‐up between the groups. HR indicates hazard ratio; POCO, patient‐oriented composite outcome.](JAH3-9-e014458-g004){#jah34866-fig-0004}

###### 

Univariate and Multivariate Cox Proportional Hazards Analysis for POCO

                        Univariate Analysis   Multivariate Analysis                                 
  --------------------- --------------------- ----------------------- --------- ------ ------------ -------
  Age                   1.05                  1.02--1.07              \<0.001   1.04   1.01--1.07   0.002
  Male                  2.33                  1.23--4.38              0.009     2.93   1.54--5.58   0.001
  Hyperlipidemia        1.30                  0.82--2.07              0.264                         
  Diabetes mellitus     2.12                  1.38--3.25              \<0.001   1.81   1.17--2.80   0.007
  Smoker                1.16                  0.69--1.93              0.574                         
  Diameter stenosis     1.03                  1.01--1.04              \<0.001   1.02   1.00--1.03   0.026
  Lesion length         1.04                  1.02--1.06              0.001     1.03   1.00--1.06   0.021
  Multivessel disease   1.72                  1.11--2.65              0.015                         
  FFR                   0.02                  0.04×10^−2^ to 0.89     0.044                         
  CFR                   0.69                  0.57--0.84              \<0.001   0.75   0.61--0.91   0.004
  IMR                   1.01                  1.00--1.02              0.220                         
  Tmn (at hyperemic)    2.75                  1.11--6.85              0.030                         

CFR indicates coronary flow reserve; FFR, fractional flow reserve; HR, hazard ratio; IMR, index of microcirculatory resistance; POCO, patient‐oriented cardiovascular events; Tmn, mean transit time.

###### 

Univariate and Multivariate Cox Proportional Hazards Analysis for POCO (Male)

                        Univariate Analysis   Multivariate Analysis                                 
  --------------------- --------------------- ----------------------- --------- ------ ------------ -------
  Age                   1.05                  1.03--1.08              \<0.001   1.04   1.02--1.07   0.001
  Diabetes mellitus     1.96                  1.23--3.11              0.004     1.72   1.08--2.75   0.023
  Diameter stenosis     1.02                  1.01--1.04              0.002     1.02   1.00--1.03   0.058
  Lesion length         1.04                  1.01--1.06              0.010     1.03   1.00--1.06   0.051
  Multivessel disease   1.37                  0.86--2.17              0.186                         
  FFR                   0.01                  0.02×10^−1^ to 6.74     0.307                         
  CFR                   0.64                  0.52--0.79              \<0.001   0.71   0.58--0.88   0.002
  Tmn (at hyperemic)    2.85                  1.17--6.94              0.021                         

CFR indicates coronary flow reserve; FFR, fractional flow reserve; HR, hazard ratio; POCO, patient‐oriented cardiovascular events; Tmn, mean transit time.

###### 

Univariate and Multivariate Cox Proportional Hazards Analysis for POCO (Female)

                        Univariate Analysis   Multivariate Analysis                                
  --------------------- --------------------- ----------------------- ------- ------ ------------- -------
  Age                   1.03                  0.96--1.10              0.379                        
  Diabetes mellitus     2.95                  0.90--9.67              0.074                        
  Diameter stenosis     1.05                  1.01--1.10              0.016                        
  Lesion length         1.06                  1.01--1.11              0.030                        
  Multivessel disease   5.12                  1.36--19.31             0.016   5.12   1.36--19.31   0.016
  FFR                   5.76×10^−7^           0.04×10^−11^ to 0.08    0.017                        
  CFR                   0.91                  0.52--1.58              0.732                        

CFR indicates coronary flow reserve; FFR, fractional flow reserve; HR, hazard ratio; POCO, patient‐oriented cardiovascular events.

Exploratory subgroup analysis indicated that the subgroup (FFR ≤0.80) showed the qualitative interaction of sex effect (Figure [5](#jah34866-fig-0005){ref-type="fig"}). No other qualitative interactions were observed.

![Exploratory subgroup analysis for POCO at 5 years. Exploratory subgroup analysis indicated that the subgroup (FFR ≤0.80) showed the qualitative interaction of sex effect. No other qualitative interactions were observed. The percentage of patients with an event represents the Kaplan--Meier event rate at 5 years. Horizontal lines indicate 95% CI. CFR indicates coronary flow reserve; FFR, fractional flow reserve; HR, hazard ratio; POCO, patient‐oriented composite outcome.](JAH3-9-e014458-g005){#jah34866-fig-0005}

Discussion {#jah34866-sec-0019}
==========

This study was undertaken to investigate the sex difference in long‐term clinical outcomes of patients with revascularization deferral after FFR assessment. The important findings of the present study are the following: (1) for a nonobstructive CAD, female patients showed higher FFR values than male patients; (2) female patients with revascularization deferral showed significantly lower risk of POCO than that in male patients during 5‐year follow‐up; (3) the lower risk of POCO in female patients was confirmed by the propensity score--adjusted inverse‐probability of weighing Cox proportional hazards analysis; (4) in a total cohort with the median FFR value of 0.87, CFR, but not FFR was a significant predictor of POCO.

There is still scarce information regarding the sex difference in long‐term outcomes after FFR‐guided decision making in stable CAD patients with revascularization deferral. In the FAME substudy, an FFR‐guided PCI strategy is equally beneficial in females as it is in males.[8](#jah34866-bib-0008){ref-type="ref"} They showed females had similar rates of major adverse cardiac events during 2‐year follow‐up and there were no interactions between sex and treatment method for any outcome variables. From a different perspective from the previous study, our study provides the prognostic information for a longer follow‐up period (median; 5 years) and limited the analysis in patients with deferred revascularization. Although women had a significantly lower risk of POCO at 5 years, our registry data showed no statistically significant sex difference in prognosis when the analysis was limited for a 2‐year period, as was similar to the previous report.[8](#jah34866-bib-0008){ref-type="ref"} This longer follow‐up period might have at least in part contributed to the clinical significance of sex difference and demonstrated the better prognosis for POCO in female patients after FFR‐guided deferred revascularization. Our results, however, were obtained from the registry data and are merely hypothesis generating. Further studies are needed to clarify the sex difference in long‐term prognosis after FFR‐guided revascularization deferral. The present study might also cast a light on the sex‐specific FFR cutoff optimization in relation to the possible sex difference in long‐term prognosis for patients who undergo revascularization after FFR assessment.

Difference Between the Present Study and Previous Studies {#jah34866-sec-0020}
---------------------------------------------------------

Some of the differences between the previous studies and ours should be considered when interpreting the results of this study. First, compared with previous data, which showed females underwent about 10%---cardiac events after PCI, [5](#jah34866-bib-0005){ref-type="ref"}, [18](#jah34866-bib-0018){ref-type="ref"}, [19](#jah34866-bib-0019){ref-type="ref"} Our data showed that females with deferred revascularization after FFR assessment underwent only 4.9% POCO during 5‐year follow‐up, which was longer than the previous studies and might have contributed to more prominent difference during the longer follow‐up in the current study. In particular, as suggested by the reviewer, long‐term events in male patients may have been related to lesions that did not undergo hemodynamic evaluation during initial evaluation or to lesions that were angiographically more severe in similar FFR ranges between both sexes at long‐term follow‐up. Exact reasons and/or mechanisms that can explain inconsistent results remained to be determined. The genetic difference (majority of the current cohort: Asian patients) might contribute at least to some extent as well as the difference in the baseline study population, although our female patients shared similar characteristics with the previous studies such as being older, fewer smokers, better FFR, lower CFR, smaller vessel size, and smaller cardiac mass. However, our study samples showed similar IMR, indicating no difference in microvascular responsiveness to hyperemic induction according to the sexes, and lower prevalence of multivessel disease in female patients (43.5% versus 34.3%, *P*=0.002). Furthermore, lower prevalence of left anterior descending artery culprit lesion location might also have impacted the results of the current study, demonstrating better prognosis in favor of deferred female patients. Another potential explanation for better prognosis in favor of female deferred patients might be as follows: our results indicated the similar microvascular function and the prevalence of increased hyperemic microvascular resistance represented by IMR. (IMR female versus male: 17.0 versus 17.3, *P*=0.667, prevalence of microvascular dysfunction defined by IMR \>25: 21.7% versus 24.7%, *P*=0.42). Given the previously reported prevalence and worse outcomes in female with microvascular disease,[20](#jah34866-bib-0020){ref-type="ref"}, [21](#jah34866-bib-0021){ref-type="ref"} female patients without physiologically significant epicardial disease represented by nonischemic FFR in the present study, might have lower chance with microvascular dysfunction, which could impact the better prognosis in women in the present cohort.

It remains undetermined whether outcome in patients with FFR‐guided revascularization deferral is comparable between female and male. In our study, the analysis was limited in revascularization deferral and we adjusted any confounder for POCO using IPW analysis by considering relatively small female sample size. Therefore, there is still room for discussion regarding the difference in long‐term prognosis between female and male in patients with deferred revascularization after FFR assessment.

Differing Clinical Characteristics Based on Sex Differences {#jah34866-sec-0021}
-----------------------------------------------------------

Cardiovascular disease remains the leading cause of morbidity and mortality for both female and male. However, female patients manifest differently in terms of clinical symptoms, prevalence of diagnosis, and treatment strategy. Previous reports consistently showed the differences in age and other comorbidities between both sexes. These evidences may indicate higher atherosclerotic burden in female patients with coronary heart disease, although the FFR value, which demonstrates the continuous relationship with future adverse events, has been reported to be higher compared with males for a given anatomical stenosis severity. In the present study, females showed higher FFR values than males for a comparable angiographic stenosis. These data further support the importance of functional assessment of coronary artery disease, particularly in females, since females had lower likelihood of obstructive epicardial disease than males.

Impact of Microvascular Disease on Sex Differences {#jah34866-sec-0022}
--------------------------------------------------

For the past few decades, diagnosis and treatment practice have been focused on epicardial coronary artery stenosis, although recent emerging evidences[22](#jah34866-bib-0022){ref-type="ref"}, [23](#jah34866-bib-0023){ref-type="ref"} have established the concept that obstructive epicardial stenosis is not necessary nor required to cause ischemic symptoms of stable coronary heart disease. Recent studies reported that symptomatic women are more likely than men to present with nonobstructive CAD and coronary microvascular dysfunction, suggesting less benefit of revascularization therapy such as PCI and coronary artery bypass graft for women compared with men.[20](#jah34866-bib-0020){ref-type="ref"}, [24](#jah34866-bib-0024){ref-type="ref"} Although evidence‐based standard care should be provided equally to women and men, we need to understand the difference in pathophysiology beyond an epicardial stenosis--centered approach. Higher risk profile, more comorbidities, smaller vessel, smaller cardiac mass, different symptom manifestation, prevalence of diagnosis of epicardial coronary artery disease, and microvascular dysfunction in female patients have been consistently reported as were also observed in the present study. Sex bias was previously reported in the use of evidence‐based medical therapy,[21](#jah34866-bib-0021){ref-type="ref"} and whether this bias may have an impact on outcome after FFR‐guided treatment seems to be undetermined. More than 40% of patients with angina have been reported to have nonobstructive coronary artery disease, and the physiological basis of their symptoms including microvascular dysfunction remains elusive, and at the present time, no specific and evidence‐based effective therapeutic strategy has been proposed. These evidences might indicate higher atherosclerotic burden in female patients with coronary heart disease, although the FFR value, which demonstrates the continuous relationship with future adverse events, has been reported to be higher compared with males for a given anatomical stenosis severity. In contrast, microvascular dysfunction affected FFR values towards higher direction for a given epicardial stenosis. In the present study, females also showed higher FFR values than males for a comparable angiographic stenosis, which was in line with previous findings. These data further support the importance of functional assessment of coronary artery disease, particularly in females, since females had a lower likelihood of obstructive epicardial disease than males, and higher likelihood of low CFR.[25](#jah34866-bib-0025){ref-type="ref"}, [26](#jah34866-bib-0026){ref-type="ref"}, [27](#jah34866-bib-0027){ref-type="ref"} Furthermore, the long‐term outcomes during 5‐year follow‐up in the present study differed significantly between females and males in favor of females. Given these circumstances, our results indicate that there might be room for sex‐specific diagnostic and therapeutic optimization beyond the current 1 FFR cut‐off point for both sexes. Our results also indicated similar microvascular function represented by IMR in the present cohort. (IMR female versus male: 17.3 versus 17.0, *P*=0.67). Given the previously reported higher prevalence and worse outcomes in females with microvascular disease, female patients in this study population showed a lower prevalence of microvascular dysfunction. Since thermodilution CFR is calculated by the combination of resting and hyperemic Tmn, CFR values are affected by the relationship between these 2 metrics. In general, resting coronary flow has been reported to be higher in females, and this observation is attributable to lower CFR in female patients, which is consistent with the results in the present cohort. Despite similar microvascular function in females and males by IMR, CFR is lower in females. This discrepancy appears to be because of differences in resting coronary flow between the sexes. The effect of sex differences should be considered in interpretation of physiological indexes using resting coronary flow.

Clinical Implications {#jah34866-sec-0023}
---------------------

Previous sex‐based studies in patients undergoing PCI have reported similar outcomes after PCI in women and men.[5](#jah34866-bib-0005){ref-type="ref"}, [8](#jah34866-bib-0008){ref-type="ref"} On the other hand, in our analysis with revascularization deferral after FFR assessments, long‐term outcomes during 5‐year follow‐up differed significantly between women and men in favor of women. Because females appear to have higher FFR values for a nonobstructive CAD, it may be even more relevant to measure FFR in women to confirm hemodynamic significance. These data support the importance of functional assessment of coronary artery disease, particularly in women. Moreover, although FFR was a significant univariate predictor of prognosis in female, not FFR but CFR was a significant predictor of POCO in the overall cohort. This study underscores the need for improved research and understanding of sex‐specific differences of coronary heart disease and pathophysiology, and sex‐specific coronary flow impairment should be further studied. Our results may also suggest the potential of a more optimized approach for stable coronary heart disease in females beyond the current equal cutoff point of FFR value for revascularization decision making, although speculative.

Study Limitations {#jah34866-sec-0024}
-----------------

Our results should be interpreted by considering several important limitations. First, although FFR was measured in all patients and the operators were recommended to use FFR values for decision making of revascularization and not blinded to physiological indices, final decision to perform PCI was at the discretion of the operators, thereby allowing potential selection bias (especially in patients with gray zone FFR values). Final decisions for selecting the lesions for the initial physiological testing were at the discretion of operators. Culprit lesions of late revascularization may not necessarily undergo physiological assessment during the index procedures. Second, noninvasive test results were not routinely performed and not available in this study. Third, the current study was not a randomized controlled trial, and its inherent limitations of the registry studies may apply. Fourth, for randomized trials targeting ischemic heart disease, particularly for those investigating the benefit of revascularization, the enrollment of women remains low, resulting in important limitations for the powered evidence base of therapeutic guidelines. Fifth, because of the limitation that this study analyzed the data from the international multicenter registry, we could not identify the location of lesion that involved occurrence of myocardial infarction from this registry database.

Conclusions {#jah34866-sec-0025}
===========

In patients from the multinational registry with revascularization deferral after FFR assessment, long‐term outcomes during 5‐year follow‐up differed significantly between women and men in favor of women.

Disclosures {#jah34866-sec-0026}
===========

Dr Koo received an Institutional Research Grant from St. Jude Medical (Abbott Vascular) and Philips Volcano. Dr J. M. Lee received a Research Grant from St. Jude Medical (Abbott Vascular) and Philips Volcano. Dr Hahn received a Research Grant from St. Jude Medical (Abbott Vascular). Dr Escaned received personal fees from Philips 22 Volcano, Boston Scientific, and Abbott/St. Jude Medical outside the submitted work. The remaining authors have no disclosures to report.

Supporting information
======================

###### 

**Figure S1.** ROC analyses of FFR values to predict revascularization. ROC analysis demonstrated the best cut‐off values of 0.80 to predict revascularization in the total cohort. FFR indicates fractional flow reserve; ROC, receiver operating curves.

**Figure S2.** ROC analyses of FFR values to predict revascularization. ROC analysis of the best cutoff FFR value of 0.80 to predict revascularization in male. FFR indicates fractional flow reserve; ROC, receiver operating curves.

**Figure S3.** ROC analyses of FFR values to predict revascularization. ROC analysis demonstrated that the best cut‐off value of 0.80 to predict revascularization in female. FFR indicates fractional flow reserve; ROC, Receiver operating curves.

**Figure S4.** Kaplan--Meier Curves of freedom from POCO.
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Click here for additional data file.
